Medicine and health care are developing to be and yet are driving economical factors worldwide and information and communication technology is one of their most important resources. Thus, there is a special need for effective and efficient information systems. These information systems have continually to be adjusted to changing demands stemming from innovation and trends in medicine (continuity of care, translational medicine), but also from trends in information technology and information management (e.g. SOA, "Green IT", ITIL). Teams worldwide meet the challenge and implement projects concerning information systems for hospitals, health care regions, or even nationwide health telematics like German teams do by introducing the electronic health card. Completing the IMIA "world wide vision to improve the health of the world population" by application of information -technology needs effective cooperation worldwide. As already stated in the bible (tower of babel) one common language is needed for cooperation. This requires a widely accepted terminology/ontology for describing information systems in health care, a common understanding of the domain and of the tasks to be supported by information systems, and shared methods for creating construction plans. As a small contribution we had proposed 3LGM² as an ontology to describe information systems, a reference model to describe the domain of health care information processing, and the 3LGM² tool to create models and plans for information systems in health care. In a joint project of the University of Leipzig (Germany) and Chiba University (Japan) we applied these concepts to systematically compare the information systems of the respective universities' medical centres. We regard this comparison as small but important step towards better cooperation between Asia and Europe in building health care information systems. The comparison unfolded e.g. differences concerning architectural styles, heterogeneity, redundancy, use of communication standards
I. Introduction
Medicine and health care are developing to be and yet are driving economical factors worldwide 1) 2) and information and communication technology is one of their most important resources 3) . Thus, there is a special need for effective and efficient information systems. But these information systems have to be adjusted continually to changing demands stemming from trends in medicine and health care like the following:
Patient centered medicine and "continuity of care" • 4) demand for information systems not being designed for institutions but for patients 5) .
Quality assurance as well as economic pressure call • for access to and support by current medical knowledge. This demands for information systems offering guidance through evidence based clinical pathways 6) 8)
Evidence based medicine needs clinical research and, • thus, information systems providing a "a two way -road" between bed (patient care) and bench (research) for making clinical data available e.g. in clinical trials 9)10) .
Molecular diagnostics will enable individual design of • therapeutic agents. This will demand for information systems being able to handle large amounts of molecular data. Since computer support in operating rooms will be used more widely 11)12) , this will demand for information systems being additionally able to process large amounts of image data in real time. Complex, heterogeneous and even nation or worldwide -information systems are no unique issue in medicine and health care but can be found in other industries as well. Hence, we have to take into account related trends and issues discussed in that field. Let us consider especially SOA (service oriented architectures) -13) and "Green IT" 14)
. SOA is a promising approach to overcome information systems dominated by software of a single vendor and to support "best of breed" architectures 15)16) . But there are still problems like defining services appropriately 17)18) and managing complex service integration tools 19) . "Green IT"
is not only a commercial buzzword at current fairs 20) The aim of this paper is to propose 3LGM² (three layer graph based meta model) as a terminology/ontology for -describing information systems in health care 28) and to report on its application for comparing the information systems of Japanese and German academic medical centres. We therefore first explain 3LGM², a reference model providing a common understanding of the domain to be supported by information systems 29) , and the 3LGM² tool for creating models and plans for information systems 30) . Finally we report on a study of the University of Leipzig (Germany) and Chiba University (Japan) to compare the information systems of the respective universities' medical centres and discuss the results.
. A language and method for Ⅱ describing and comparing information systems in health care
1. The three layer graph based meta model -
3LGM²
In 31) we proposed the three layer graph based meta -
) as a meta model for modeling information systems in health care. 3LGM 2 has been designed to support the hospital information management in its enterprise architecture planning (EAP) (see e.g.
32) 33)
) activities.
(1) Basic Concepts
The domain layer of 3LGM 2 describes a hospital independently of the implementation of its information system by its enterprise functions. Enterprise functions can be considered to be a directive for human or machine action and may be understood as duty arising from an enterprise's mission and goals. For example, "clinical admission", "radiotherapy", or "care planning" may be enterprise functions. Enterprise functions need information of a certain type about physical or virtual things of the hospital. These types of information are represented as entity types. The access of an enterprise function to an entity type can be in a using or an updating manner (see Fig. 1 ).
The logical tool layer (see Fig. 2 ) concentrates on application components supporting enterprise functions. A comprehensive UML based description of the -3LGM 2 can be found in 31) .
(2) A reference model for the domain layer of hospital information systems The domain layer of an information system in health care can be described by enterprise functions and entity types.
As the identification and modeling of adequate enterprise functions and entity types for a hospital is rather time and -consequently cost intensive, a functional reference model -for the domain layer of hospital information systems has been developed 29) . It consists of hierarchically structured sets of hospital functions and entity types. The designated enterprise functions base on the Heidelberg requirements index for information processing in hospitals 34) , thus the main enterprise function of a hospital is patient treatment, c. Both HIS of CUH and LUH are functionally redundant.
For the CUH IS a functional redundancy factor of 0.1 was calculated which is lower than that of Leipzig's HIS (0.55). In addition to the revealed architectural differences, which had been unfolded by means of 3LGM², differences concerning information management had been found. Different styles of information management in both universities' medical centres seem to contribute to the particular architectural characteristics.
. Conclusion and discussion Ⅳ
As a small contribution we proposed 3LGM² as an ontology to describe information systems, a reference model to describe the domain of health care information processing, and the 3LGM² tool to create models and plans for information systems in health care. We applied these concepts to systematically compare information systems of two universities' medical centres. We regard this comparison as small but important step towards better cooperation between Asia and Europe in building health care information systems. The confrontation of the information systems of both sites with each other using the same terminology provides new chances for sharing experiences and, thus, for cooperation.
The direct comparison unfolded e. g. differences concerning architectural styles, heterogeneity, redundancy, use of communication standards and organisation of information management between both hospitals. It is worth noting here that the comparison of the two architectural styles does not claim anything about the quality of the IS. In our study, no reason could be found for rating one information system significantly better than the other. For doing this, a more thorough understanding of quality of information systems in health care and respective research is needed.
Although 3LGM² proved to be a suitable means for describing architectures of information systems and comparing them, it does not intend to be the "common language" for describing and comparing organizational aspects of information management. Hence, we need other description languages for this task. The IT Infrastructure Library (ITIL) could be used as such a language.
Complementing research on describing, comparing and quality of information systems in health care by research on common description languages for organizational aspects of information management will be an interesting next step to assess the overall quality of information systems and to do more elaborate comparisons. http://www.isaca.org/Template.cfm?Section=COBIT6
